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Sensory Hypersensitivity Predicts Reduced Sleeping
Quality in Patients With Major Affective Disorders
The goal of this study was to examine the
sensory proﬁle (expressed as hypersensitivity
or hyposensitivity) of patients with major
affective disorders and its relative contrib-
ution to the prediction of sleep quality while
considering affective temperaments and
depression, which may impact sleep quality.
We recruited 176 participants (mean age, 47.3
y), of whom 56.8% had a diagnosis of unipolar
major depressive disorder and 43.2% a diag-
nosis of bipolar disorder. Reduced sleep
quality was evaluated using the Pittsburgh
Sleep Quality Index. Affective temperaments
were assessed using the Temperament Evalu-
ation of Memphis, Pisa, Paris and San Diego.
Sensory hypersensitivity, assessed using the
Adolescent/Adult Sensory Proﬁle, signiﬁcantly
distinguished between poor and good sleepers.
Sleep quality was mainly predicted by the
Beck Depression Inventory-II total score
and anxious temperament. Sensory hyper-
sensitivity contributed to this prediction
mainly with regard to sleep efﬁciency and
related daytime dysfunction.
(Journal of Psychiatric Practice 2017;23;11–24)
KEY WORDS: major affective disorders, sensory
processing disorders, sensory hypersensitivity,
sleep quality
Mental conditions, especially major affective disorders
ranging from subthreshold affective temperaments to
severe affective disorders, are frequently associated
with sleep-wake dysregulation.1,2 These conditions
together with their main symptoms, psychological
characteristics, and neurobiological changes may sig-
niﬁcantly inﬂuence sleep-wake patterns.
Several aspects of sleep disturbances and sleep-
related symptoms have been investigated in asso-
ciation with different types of mood disorders.
Although sleep changes signiﬁcantly contribute to
distress, decreased quality of life, and problems
functioning in individuals with affective disorders,
we are still far from understanding the complex
mechanisms underlying impaired sleep quality.
Recent studies have increasingly noted the role of
sensory processing disorders (SPDs) in the emer-
gence of sleep disturbances.3,4
SPDs encompass difﬁculties in registering and
modulating sensory information, expressed in
hypersensitivity or hyposensitivity, that sig-
niﬁcantly affect quality of life.5 Individuals with low
neurological thresholds (hypersensitivity) perceive
sensory input more profoundly and for a longer time
than those with high neurological thresholds. They
feel uncomfortable with sensation6 and may expe-
rience nonharmful sensations as painful.7,8 In par-
ticular, individuals with sensory hypersensitivity
are more likely to express emotional liability and
experience depression, anxiety disorders, rigidity,9
impaired quality of life, and reduced well-being.5 In
particular, sensory processing patterns are not
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state-related, but rather they are stable patterns
that may be associated with both temperamental
traits and anxiety/depression levels, and they have
the potential to exacerbate these conditions.
Given the close relationship between sensory
sensitivity and behavior, Dunn6 described four
sensory processing patterns on the basis of the
interaction between neurological threshold and
related coping strategies. Each of these patterns
involves the interaction between the individual’s
neurological threshold and behavioral responses.
Neurological thresholds exist on a continuum
ranging from lower to higher: a lower threshold
indicates that the nervous system is activated by
lower intensity stimuli, whereas a higher threshold
indicates that higher intensity stimuli are required
for activation. According to this model, individuals
commonly use different strategies to deal with their
reactivity to sensory input. Those who use passive
self-regulation strategies allow stimuli to occur and
then respond to them, whereas those who use active
self-regulation strategies try to control the amount
and type of sensory input they receive.6
The ﬁrst two patterns of Dunn’s conceptualiza-
tion involve hyposensitivity to stimuli:
(1) Low registration: individuals with a high neuro-
logical threshold (requiring high intensity
stimuli to notice sensory input) and a passive
self-regulation strategy who fail to detect sensation
and do not actively seek sensory input. They may
be perceived as indifferent and lacking motivation
or interest. They may display inability to recognize
emotions, express emotions, or infer others’ emo-
tions from bodily language or facial expressions.6
(2) Sensation seekers: individuals who actively seek
intense sensation and use an active self-regu-
lation strategy to meet their high neurological
threshold. They experience pleasure from rich
sensory environments and activities. They may
lack physical boundaries with other individuals
and they often show risk-taking behaviors.
The other two patterns of Dunn’s conceptualization
involve hypersensitivity:
(3) Sensory sensitive individuals: they have low
neurological thresholds and a passive self-regulation
strategy. They feel discomfort with regular
sensation; however, they do not actively limit their
exposure to the uncomfortable stimuli. They can
have aggressive and negative reactions to sensory
stimuli that they experience as intense, overwhelm-
ing, and invasive.5 Their intense reactivity to
sensation may explain why they feel tension,
anxiety, and nervousness, and why they may
experience problems initiating relationships.
(4) Sensation avoiders: individuals with low neuro-
logical thresholds (requiring only low intensity
stimuli to react) and an active self-regulation
strategy; thus, they actively limit exposure to
sensations and show exclusion and social with-
drawal6 (Fig. 1). A signiﬁcant association has been
reported between hypersensitivity, impaired sleep-
ing quality, and disturbed sleep patterns in both
children10 and adults.11
Individuals with extreme sensory processing pat-
terns show exaggerated behavioral responses that
may reﬂect their arousability level.12 For example,
hyperarousability resulting from elevated emotional
and cognitive distress may frequently be observed in
individuals with patterns related to hyper-
sensitivity.13 This may explain, at least partially,
symptoms such as irritability, moodiness, and anx-
iety.14 Hyperarousability, deﬁned as an unbalanced
arousability of the central nervous system, might
represent a common pathophysiological mechanism
underlying SPDs and sleep disturbances in patients
with major affective disorders.15,16
Importantly, it has been suggested that general
overactivity of the arousal, emotion regulation, and
cognitive systems is signiﬁcantly involved in the
pathophysiology of sleep disturbances,17 but that
hyperarousability may also be related to the function
of sleep-promoting brain structures (eg, the ascending
reticular activating system impacted by corticolimbic
overactivity). The reticular activating system seems to
play a fundamental role in the emergence of sleep
disorders.18,19 Furthermore, cortical excitability and
hyperactivity of the hypothalamic-pituitary-adrenal
axis have been reported as common biological dys-
functions associated with major depression, anxiety,
sleep disturbances, and SPDs.20 Findings from studies
using event-related potentials21–24 suggest that
hyperarousability among individuals with sleep dis-
turbances is related to difﬁculties in gating irrelevant
sensory stimuli during the presleep wakeful
period.4,21,24
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Differences in sensory processing may contribute
to/be associated with different personality and
temperamental dimensions, which in turn may also
be related to psychiatric and affective disorders or
sleep-wake patterns. According to several studies,
affective temperaments were found to play a sig-
niﬁcant role in psychopathological characteristics
and affect the course and outcome of mood dis-
orders, including the direction of polarity, and
long-term outcome.25 Different types of affective
disorders, with respect to polarity, severity, sea-
sonal, and temporal patterns, and other illness/
course characteristics, show a differential associa-
tion with several sleep disturbances. Affective
temperaments and genetically/biologically based
components of human personality play a profound
pathoplastic role in determining both illness course
and characteristics, including the expression of
various symptoms throughout the mood disorder
spectrum. However, the impact of affective tem-
peraments on sleep disturbances has not been
adequately investigated. Nevertheless, given their
role in ﬁne-tuning individual basic emotional
reactivity to stimuli, affective temperaments may
play a profound role in sleep-wake cycle dis-
turbances of patients with affective disorders and
they may be also related to dysfunctional sleep
patterns.26,27
Taken together, a complex interaction may be
hypothesized between sensory proﬁles, affective
temperaments, depression, and sleep quality, with
arousability presumably serving as a common
underlying mechanism connecting these four psy-
chological constructs. Although affective tempera-
ments and depression are known to impact sleep
quality, the additional role of sensory sensitivity on
sleep quality needs to be more clearly elucidated.
Unfortunately, most studies on the association
between sleep disturbances, SPDs, and psychiatric
conditions, including major affective disorders, have
been conducted predominantly in children with
disabilities or healthy individuals. Overall, the
nature of the association between sleep dis-
turbances and SPDs in adult individuals with mood
disorders and speciﬁc affective temperaments needs
to be more clearly elucidated, given the assumption
FIGURE 1. Most relevant differences among sensory processing patterns.
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that sleep disturbances, together with SPDs, sig-
niﬁcantly impair individual functional abilities and
quality of life.
Thus, the purpose of this study was to investigate
the relationship between SPDs and sleep quality in
subjects with major affective disorders and speciﬁc
affective temperaments. This study was designed to
contribute to our understanding of the pathway
underlying disrupted sleep, sensory proﬁles, anx-
iety, and depression in patients with major affective
disorders. Importantly, sleep patterns were the
main outcome variable in this study. Speciﬁcally,
we ﬁrst examined the relationship between sensory
proﬁles of patients with major affective disorders
and their sleep quality, and the ability of the sen-
sory proﬁles to differentiate between “poor” sleepers
and “good” sleepers. Another goal of the study was
to investigate the relative contribution of sensory
proﬁles in predicting sleep quality while consider-
ing affective temperaments and depression that
may also play a signiﬁcant role in sleep disorders. It
was hypothesized that speciﬁc sensory proﬁles,
mainly hypersensitivity, may differentiate between
good and poor sleepers, and that hypersensitivity
may be positively correlated with poorer sleep
quality, exerting a role in the prediction of sleep
quality, in addition to that of depression and affec-
tive temperaments.
METHODS
Participants and Procedure
The sample included 176 participants with major
affective disorders with ages ranging from 19 to
64 years (mean age=47.3±11.9 y), of whom 56.8%
had a diagnosis of unipolar major depressive dis-
order, and 43.2% a diagnosis of bipolar disorder. We
investigated this population because major affective
disorders represent the main diagnostic category in
our outpatients; therefore, this may be considered a
convenience sample. All participants were consec-
utively admitted to the Department of Neuroscience
(DINOGMI), University of Genoa, between July and
December 2014. The inclusion criterion was a
diagnosis of major depressive disorder, bipolar I
disorder (BD-I), or bipolar II disorder (BD-II).
Exclusion criteria were any conditions affecting
ability to ﬁll out the assessment, including delir-
ium, dementia, or any severe neurological diseases,
and denial of informed consent. The diagnostic cri-
teria used were based on the Diagnostic and Stat-
istical Manual of Mental Disorders, Fourth Edition,
TABLE 1. Participants’ Sociodemographic
Information (n=176)
N (%)
Sex
Male 64 (36.4)
Female 112 (63.6)
Level of education
Elementary school 7 (4.0)
Junior high school 54 (30.7)
Secondary school 87 (49.4)
Academy 24 (13.6)
Missing 4 (2.3)
Marital status
Single 62 (35.2)
Married 83 (47.2)
Divorced 25 (14.2)
Widowed 4 (2.3)
Missing 2 (1.1)
Living with
Alone 24 (13.6)
Family 139 (79.0)
Friend 11 (6.3)
Missing 2 (1.1)
Employment
Employed 102 (58.0)
Unemployed 52 (29.5)
Retired 14 (8.0)
Student 6 (3.4)
Missing 2 (1.1)
Socioeconomic status*
Below average 77 (43.8)
Average 82 (46.6)
Above average 15 (8.5)
Missing 2 (1.1)
Range Mean±SD
Age of illness onset (y) 8-64 39.6±13.4
Illness duration (y) 0.3-41 9.9±11.6
No. prior hospitalizations 0-14 0.36±1.46
Age at ﬁrst psychiatric
treatment
8-62 38.3±13.1
Age at ﬁrst
hospitalization
8-63 34.9±14.1
*Socioeconomic status was calculated as follows: below
average (<15,000 euros/y), average (15,000 euros/y), and
above average (>15000 euros/y).
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Text Revision (DSM-IV-TR).28 All participants were
consecutive outpatients who had been followed in
our hospital for at least 6 months and whose med-
ication regimens had been stable for at least
6 months before they were recruited. Participants
were taking the following medications: 29.5% short
half-life, 25% middle half-life, and 4% long half-life
benzodiazepines; 64.8% antidepressants (68.4%
selective serotonin reuptake inhibitors, 17.4% nor-
adrenaline serotonin reuptake inhibitors, and
14.1% other antidepressants); 34.6% mood-stabil-
izers; and 21.6% second-generation antipsychotics.
Among subjects with bipolar disorder (43.2%), the
speciﬁc diagnoses were BD-I, manic or mixed epi-
sode (11.9%); BD-I, depressive episode (7.4%); BD-
II, hypomanic episode (2.3%); BD-II, depressive
episode (15.3%); and cyclothymia (6.2%).
Psychiatric histories were carefully collected by
trained psychiatrists using all the available cross-
sectional and retrospective information, including
medical records, other information derived by the
treatment team, and additional information from
family members or friends; the data were later veri-
ﬁed using the Mini International Neuropsychiatric
Interview.29 Signiﬁcant discrepancies among these
sources served as an additional criterion for exclusion
from the study.
All patients agreed voluntarily to participate in
the study and signed informed consent. The study
design was approved by the local ethical review
board. Table 1 summarizes the participants’ most
relevant socio-demographic and health-related
information.
Assessment Instruments
Demographic Questionnaire
In this self-report questionnaire, respondents
answered questions about their health status, soci-
odemographic status, and psychoactive and non-
psychoactive medications.
The Adolescent/Adult Sensory Proﬁle (AASP)
The AASP30 is a self-measure psychometric tool
with 60 items, including questions pertaining to
each sensory system. The items are sorted equally
into 4 patterns reﬂecting Dunn’s model: low regis-
tration (eg, “I miss the street, building or room signs
when trying to go somewhere new”), sensation
seeking (eg, “I like to go to places that have bright
lights and that are colorful”), sensory sensitivity (eg,
“I am uncomfortable wearing certain fabrics …”),
and sensation avoiding (eg, “I avoid elevators and/or
escalators because I dislike the movement”). Par-
ticipants indicate the frequency of their behavioral
responses to sensory experiences in daily activities
on a 5-point Likert scale (from 1=almost never to
5=almost always). Norms exist for various age
groups (11 to 17 y; 18 to 64 y; 65 y and above). This
questionnaire has good psychometric properties.31
In this study, the 5 ranges for each sensory proc-
essing pattern, as presented in the AASP manual,
were merged into the following 3 categories: “Less
than most people” represents approximately 16% of
the population (1 SD below the mean); (2) “Similar
to most people” represents the normal range found
among approximately 68% of the population
(between −1 SD and +1 SD); (3) “More than most
people” represents approximately 16% of the pop-
ulation (or >1 SD above the mean). The Italian
version of the AASP is currently under validation.
The Pittsburgh Sleep Quality Index (PSQI)
The PSQI is a standardized subjective measure of
sleep quality that includes 19 items divided into 7
subscales: sleep duration, sleep disturbances, sleep
latency, daytime dysfunctions, sleep efﬁciency,
sedative medication use, and overall sleep quality.
Subscales are coded on a 4-point Likert scale, and
summed to a global score, which can be used to index
overall quality of sleep over the previous 1-month
period. Global sleep quality scores are continuous
(range, 0 to 21), with high scores reﬂecting poor sleep
quality. A cutoff score >5 is used to indicate poor
sleep quality (good sleepers vs. poor sleepers). The
PSQI has high internal consistency (0.83), test-retest
reliability (0.85), and diagnostic validity.32,33
Beck Depression Inventory, Second Edition
(BDI-II)
The BDI-II34 was used to measure depression. This
questionnaire includes 21 self-report questions
designed to assess the severity of depressive symp-
toms in the 2 weeks before the questionnaire is
completed. Four coding options (0 to 3) exist for each
item. The total score on the questionnaire is the sum
of these items and ranges from 0 to 63, with higher
scores reﬂecting greater severity of symptoms.
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The Hamilton Anxiety Rating Scale (Ham-A)
The Ham-A35 evaluates the patient’s anxiety level
on the basis of 14 categories of symptoms, with
items rated on a scale from 0 to 4, and a total
maximum score of 56 points.36 Scores between 14
and 17 points indicate mild anxiety, scores of 18 to
24 points indicate moderate anxiety, and scores >25
indicate severe anxiety. This instrument has good
reliability and validity, sensitivity to change over
time, and applicability for a wide range of patients
(from adolescents to older adults).37
Temperament Evaluation of Memphis, Pisa,
Paris and San Diego (TEMPS-A)
The TEMPS-A is a self-report instrument that meas-
ures the affective temperaments with 110 items
deﬁning the bipolar spectrum, with depressive (D),
cyclothymic (C), hyperthymic (H), irritable (I), and
anxious (A) subscales.38 The TEMPS-A is different
from most other temperament instruments in that it
taps subaffective trait expressions as they were
conceptualized in Greek psychological medicine and,
in more modern times, German psychiatry. Also, the
TEMPS-A may readily distinguish patients with BD
from healthy subjects, and it is considered to provide a
good description of affective temperaments in both
clinical and nonclinical samples.39 In addition, the
TEMPS-A is not affected by current mood state (eg,
depressive vs. manic), and is able to identify temper-
amental dispositions reliably in psychiatric inpatients
with severe Axis I psychopathology, presumably
combined with life crises leading to hospitalization.40
Data Analysis
All analyses were performed using the Statistical
Package for Social Sciences for Windows 20.0. The
correlations between all dependent variables were
examined using the Pearson correlation test. Mul-
tivariate analysis of variance was used to analyze
the differences in sensory processing proﬁles
between groups. A step-wise regression test was
used to examine the ability of sensory processing
patterns, depression, and affective temperaments to
predict sleep quality. P-values ≤0.05 were consid-
ered statistically signiﬁcant.
RESULTS
Correlations Between Anxiety, Depression,
Affective Temperaments, and Sleep
The severity of anxiety and depression was assessed
by the Ham-A and BDI-II, respectively, and affec-
tive temperaments were evaluated using the
TEMPS-A (Table 2).
No signiﬁcant correlations were found between
the various measures of sleep quality and age of
disease onset, illness duration, duration of
untreated illness, and number of hospitalizations.
However, anxiety symptoms measured using the
Ham-A were correlated with longer sleep latency
and lower sleep quality (Table 3). Furthermore,
BDI-II scores were correlated with all the sleep
quality measures. Signiﬁcant correlations were also
found between depressive, anxious, cyclothymic,
TABLE 2. Range, Mean, and SD Scores for Anxiety and Depression Severity and Affective
Temperaments
Questionnaire N Minimum Maximum Mean SD
Ham-A 133 0 26 5.1 4.6
BDI-II 176 0 55 23 13.3
TEMPS depressive 169 0 21 10.7 3.9
TEMPS cyclothymic 165 1 21 10.2 5
TEMPS hyperthymic 166 0 20 7.4 4.2
TEMPS irritable 162 0 17 6.7 4
TEMPS anxious 163 1 26 13.4 5.3
BDI-II indicates Beck Depression Inventory, Second Edition; Ham-A, Hamilton Anxiety Rating Scale; TEMPS, Temperament
Evaluation of Memphis, Pisa, Paris and San Diego.
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and irritable temperaments, and sleep quality.
The cyclothymic and anxious temperaments were
correlated with most of the PSQI scales.
Correlation Between Sociodemographic
Variables, Anxiety, Depression, and Affective
Temperaments
No signiﬁcant correlations were found between
sociodemographic variables and anxiety, depression,
or affective temperaments. The presence of cyclo-
thymic temperament was correlated with earlier age
of illness onset (r=−0.31, P=0.001) and earlier age of
ﬁrst treatment initiation (r=−0.26, P=0.007). Irri-
table temperament was also correlated with earlier
age of onset (r=−0.21, P=0.009) and earlier age at
ﬁrst treatment (r=−0.26, P=0.005).
Sensory Profile Differences Between “Poor”
and “Good” Sleepers
Table 4 summarizes the frequency of SPDs in the
present sample and describes the prevalence of
participants who were found in the normal and
abnormal range of the AASP. On the basis of their
PSQI cutoff scores, multivariate analysis of var-
iance revealed signiﬁcant group differences in SPD
patterns among “poor” sleepers versus “good”
sleepers. Poor sleepers had signiﬁcantly higher
scores on the sensory sensitivity and sensation
avoiding quadrants when compared with good
sleepers (Table 5).
Correlations Between Sensory Processing
Patterns and Sleep Quality in the General
Sample
Lower ability to register sensations was sig-
niﬁcantly correlated with sleep disturbances
(r=0.43, P≤0.0001), overall sleep quality (r=0.27,
P=0.001), and sleep duration (r=0.18, P≤0.05) but
not with sleep latency (r=0.12, P>0.05), daytime
dysfunction (r=0.15, P>0.05), or sleep efﬁciency
(r=−0.07, P>0.05).
Sensation seeking was not correlated with any of
the measures of sleep quality: sleep disturbances
(r=0.14, P≤0.05), overall sleep quality (r=−0.02,T
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P≤0.05), sleep duration (r=−0.1, P≤0.05), sleep
latency (r=0.08, P>0.05), daytime dysfunction (r=
−0.13, P>0.05), or sleep efﬁciency (r=−0.16, P>0.05).
In contrast, sensory hypersensitivity was sig-
niﬁcantly correlated with all the measures of sleep
quality: sleep disturbances (r=0.47, P≤0.0001),
overall sleep quality (r=0.37, P≤0.0001), sleep
duration (r=0.22, P≤0.05), sleep latency (r=0.2,
P<0.05), daytime dysfunction (r=0.35, P≤0.0001),
and sleep efﬁciency (r=−0.21, P≤0.05).
Finally, avoidance was signiﬁcantly correlated
with greater daytime dysfunction (r=0.23,
P≤0.0001), sleep latency (r=0.22, P≤0.01), and sleep
disturbances (r=0.36, P≤0.0001), but not with overall
sleep quality (r=0.2, P>0.05), sleep duration (r=0.13,
P>0.05), or sleep efﬁciency (r=−0.6, P>0.05).
TABLE 4. Frequency of Participants in Each Sensory Processing Performance Range
N (%)
Performance Range According
to the AASP Manual
Sample’s
Range
Sample’s
Mean±SD
Low registration
Under norm 50 (29.4) 15-23
Norm 79 (46.5) 24-35
Above norm 41 (24.1) 36-75
Total group 170 (100.0) 15-75 15-70 33.2±10.7
Seeking sensation
Under norm 104 (62.3)
Norm 51 (30.5)
Above norm 12 (7.2)
Total group 167 (100.0) 15-75 15-59 34.8±11
Sensory sensitivity
Under norm 23 (14.1) 15-25
Norm 81 (49.7) 26-41
Above norm 59 (36.2) 42-75
Total group 163 (100.0) 15-75 15-72.9 38.7±11.3
Sensory avoidance
Under norm 23 (13.5) 15-26
Norm 93 (54.4) 27-41
Above norm 55 (32.2) 42-75
Total group 171 (100.0) 15-75 15-67.5 37.8±11
AASP indicates Adolescent/Adult Sensory Proﬁle.
TABLE 5. Means and SD of Sensory Processing Patterns Between Good Versus Poor Sleepers
AASP Quadrant
Good Sleepers (Total
PSQI≤5) (n=21)
Poor Sleepers (Total
PSQI>5) (n=71) F
Normal Range of
AASP
Low registration 29.62±7.8 33.5±10.3 1.86 24-35
Sensation seeking 36.2±9.5 38.9±9.7 2.34 43-58
Sensory sensitivity 32.1±8.6 40.9±10.4 7.64** 26-41
Sensation avoiding 33.7±6.9 39.3±11.2 3.95* 27-41
Complete information on the PSQI was available only for 92 participants.
AASP indicates Adolescent/Adult Sensory Proﬁle; PSQI, Pittsburgh Sleep Quality Index.
*P≤0.05.
**P≤0.01.
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Predicting Sleep Quality by Sensory
Processing Patterns, Depression, and
Affective Temperaments
Stepwise linear regression for overall sleep quality
yielded three models: the ﬁrst included the BDI-II
score as a signiﬁcant predictor, accounting for 36%
of the variance (F=50.52, P<0.001); the second
added Sensory Sensitivity as a signiﬁcant predictor,
accounting for an additional 5% of the variance
(F=8.17, P<0.01); the third added the TEMPS
anxious temperament as a signiﬁcant predictor,
accounting for an additional 4% of the variance
(F=4.97, P<0.05).
The prediction of sleep duration yielded one
model in which BDI-II score was the signiﬁcant
predictor accounting for 6% of the variance
(F=11.34, P<0.01).
The prediction of sleep disturbances yielded three
models: the ﬁrst included the TEMPS anxious
temperament as a signiﬁcant predictor accounting
for 38% of the variance (F=65.51, P<0.001); the
second included the BDI-II score as a signiﬁcant
predictor, accounting for an additional 8% of the
variance (F=15.26, P<0.01); the third added the
TEMPS cyclothymic temperament as a signiﬁcant
predictor accounting for an additional 2% of the
variance (F=6.26, P<0.05).
The prediction of sleep latency yielded one model
in which the TEMPS anxious temperament was the
signiﬁcant predictor accounting for 14% of the var-
iance (F=24.95, P<0.001).
The prediction of daytime dysfunction yielded
three models: the ﬁrst included the BDI-II score as
a signiﬁcant predictor accounting for 14% of the
variance (F=23.18, P<0.001); the second included
sensory sensitivity as a signiﬁcant predictor,
accounting for an additional 2% of the variance
(F=5.98, P<0.05); the third added low registration
as a signiﬁcant predictor accounting for an addi-
tional 3% of the variance (F=6.33, P<0.05).
The prediction of sleep efﬁciency yielded one
model in which sensory sensitivity was the sig-
niﬁcant predictor accounting for 4% of the variance
(F=7.04, P<0.05).
In summary, although the BDI-II total score
accounted for the largest percentage (36%) of the
variance in overall sleep quality, anxious tempera-
ment accounted for the largest percentage (38%) of
the variance in sleep disturbances. Moreover,
hypersensitivity accounted for 2% of the variance in
overall daytime dysfunction and 5% of the variance
in overall sleep quality. Conversely, reduced sensi-
tivity was the variable accounting for the most rel-
evant percentage of the variance in sleep efﬁciency.
Table 6 summarizes the contribution of each vari-
able to the prediction of sleep quality.
DISCUSSION
Key Findings
The goal of this study was to contribute to the
understanding of the pathway underlying disrupted
sleep, sensory proﬁles, anxiety, and depression
among patients with major affective disorders.
Sensory hypersensitivity predicted reduced sleep
quality in patients with major affective disorders,
but also largely accounted for the signiﬁcant and
clinically relevant differences in the SPD patterns
of poor versus good sleepers. Furthermore, anxiety
correlated with longer sleep latency, and affective
temperaments were correlated with poor sleep
quality.
These novel ﬁndings are only partially supported
by earlier studies that conﬁrmed the association
between the severity of anxiety/depression and poor
sleep quality, and the differential role of these
affective symptoms in inducing sleep disturbances.
For example, Jansson and Linton41 postulated that
anxiety could predate the onset of insomnia,
whereas depression usually seemed to occur after
the onset of insomnia. It has been reported that the
occurrence of intrusive mental activity related to
invasive thoughts/recurrent worries at bedtime,
and difﬁculties in their suppression, may sig-
niﬁcantly impair sleep quality.42,43 Notably, adults
struggling with psychiatric disorders, in particular
those with clinically signiﬁcant anxiety and
depression,44,45 have been found to have more dys-
functional beliefs about sleep than healthy indi-
viduals.46 In this study, we found that anxiety and
depression levels were the strongest predictors of
reduced sleep quality, which is consistent with the
evidence from these earlier studies.
We also found that, in addition to anxiety,
depression, and affective temperaments, sensory
hypersensitivity may play a major role in the dis-
turbed sleep of patients with major affective
disorders. In contrast to other sensory patterns,
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TABLE 6. Predicting Sleep Quality by Sensory Processing Patters and Affective Temperaments
Model 1 Model 2 Model 3
Variables B SE B β B SE B β B SE B β
Overall sleep quality
BDI-II 0.22 0.03 0.06***
Sensory sensitivity 0.14 0.05 0.41**
TEMPS anxious 0.21 0.09 0.23
R2 36 41 45
F for change in R2 50.52*** 8.17** 4.97*
Sleep duration
BDI-II 0.02 0.007 0.26**
R2 6
F for change in R2 11.34**
Sleep disturbances
TEMPS anxious 0.74 0.09 0.62***
BDI-II 0.18 0.05 0.35***
TEMPS cyclothymic 0.29 0.11 0.22*
R2 38 46 48
F for change in R2 65.51*** 15.26*** 6.26*
Sleep latency
TEMPS anxious 0.13 0.03 0.37***
R2 14
F for change in R2 24.95***
Day dysfunction
BDI-II 0.05 0.01 0.37***
Sensory sensitivity 0.03 0.05 0.22***
Low registration −0.05 0.02 −0.26*
R2 14 16 19
F for change in R2 23.18*** 5.98* 6.33*
Sleep efﬁciency
Sensory sensitivity −0.53 0.19 −0.21**
R2 4
F for change in R2 7.04*
F for change in R2=the R2 change is tested with an F test (a signiﬁcant F-change means that the variables added in each step signiﬁcantly improved the prediction).
BDI-II indicates Beck Depression Inventory, Second Edition; TEMPS, Temperament Evaluation of Memphis, Pisa, Paris and San Diego.
*P≤0.05.
**P≤0.01
***P≤0.001.
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sensory hypersensitivity was the only sensory proﬁle
which was positively associated with all PSQI com-
ponents (eg, sleep disturbances, overall sleep quality,
sleep duration, sleep latency, daytime dysfunction,
and sleep efﬁciency) according to the bivariate
analyses, and, importantly, it also predicted overall
sleep quality after regression analyses.
To the best of our knowledge, no previous studies
in the currently available literature have inves-
tigated the association of sensory patterns with
subjective sleep quality and their role in dis-
tinguishing between subjects who are good or poor
sleepers. We also found that poor sleepers had sig-
niﬁcantly higher sensory sensitivity and sensation
avoiding compared with good sleepers. Recent
studies11 have found that sleep quality may be
associated with predisposing sensory-processing
patterns, especially hypersensitivity. However, a
bidirectional relationship may occur between sub-
jective sleep quality, sensory sensitivity, and sen-
sation avoiding. In particular, speciﬁc SPDs may
not only contribute to dysphoric arousal, but it is
also possible that they may be the consequence of
chronic sleep-wake disturbances in speciﬁc sub-
groups of patients with major affective disorders.
We also reported that cyclothymic and anxious
temperaments were correlated with most PSQI com-
ponents and sleep quality (the strongest correlations
were found between anxious/cyclothymic tempera-
ments and sleep disturbances, and between anxious
temperament and sleep latency, daytime dysfunction,
and overall sleep quality). Ottoni et al26 investigated
the relationship between affective temperaments, as
assessed using the Combined Emotional and Affective
Temperament Scale, and subjective sleep quality, and
their results suggested that total sleep time was only
weakly associated with emotional temperaments. In
agreement with our results, the authors reported that
individuals with cyclothymic temperament experienced
more dysfunctional sleep patterns (eg, higher sleep
latency, later to fall asleep, more awakenings, and
lower sleep quality), when compared with subjects with
euthymic temperament. Peterson and Benca47 argued
that subjects with affective disorders were more likely
to experience sleep disturbances relative to the general
population even during periods when they were in
remission and that this may presumably be related to
their temperamental predisposition. Our results fur-
ther strengthen these ﬁndings, reinforcing the
assumption that speciﬁc temperaments, such as
cyclothymic disposition, may predispose towards more
disabling conditions, in contrast to other temperaments
(eg, hyperthymic temperament) that seem to exert a
protective role in patients with mood disorders.48,49
The existence of a common pathophysiological
mechanism underlying SPDs and sleep disturbances
that may explain the association between sensory
processing proﬁles and sleep quality has been
hypothesized. First, the dysregulation of locus
coeruleus-noradrenergic neurotransmission contrib-
uting to cognitive or arousal dysfunctions may be
commonly found in patients with major affective
disorders, but also in those having sleep and arousal
disorders.50 The locus coeruleus-noradrenergic sys-
tem is a fundamental junction among attention,
memory, and arousal functions; dysfunctions of this
system are commonly associated with behavioral and
cognitive disorders. Moreover, as suggested by Per-
tovaara and Wei,51 the noradrenergic system may
exert a modulatory inﬂuence on sensory reactivity, as
neuropathic hypersensitivity is reduced after the
activation of noradrenergic alpha(2)-adrenoceptors.
Given this context, we speculate that the existence of
noradrenergic abnormalities in patients with SPDs
might explain, at least partially, the association
between speciﬁc sensory patterns (eg, sensory
hypersensitivity) and sleep disturbances.
It has also been reported that sleep loss may have
a negative effect on metabolism, cognition, emo-
tional regulation, immune function, and neuropathic
pain52–54 that might be differentially perceived by
subjects with speciﬁc sensory proﬁles, although the
link between sleep disturbances, pain, and sensory
patterns has not been thoroughly examined to date.
The deprivation, disruption, or fragmentation of
sleep are all associated with a systemic proin-
ﬂammatory state.55,56 Indeed, Sutton and Opp57
demonstrated in an animal model that musculo-
skeletal sensitization induced long-lasting mech-
anical hypersensitivity associated with both
increased responsiveness to mechanical stimuli and
fragmented sleep. When future studies will be able
to translate these results from laboratory settings to
clinical populations, the higher responsiveness to
stimuli and the differential perception of pain58–60
among subjects with certain sensory proﬁles may
explain why some individuals (eg, those who are
sensation-sensitive) are more prone to experience
sleep disturbances than others (Fig. 1). According to
our ﬁndings, sensory hypersensitivity and anxiety
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levels were closely related but conceptually distinct
phenomena associated in turn with both sleep
problems and major affective disorders.61 We pos-
tulate that the unmodulated arousability may be
clinically expressed either as sensory hyper-
sensitivity or anxiety that may induce relevant
impairments in sleep quality and chronic sleep-
wake disturbances. This hypothesis is also sup-
ported by existing assumptions concerning the
neurocognitive model,62 according to which patients
with insomnia maintain a level of information or
memory processing that do not allow them to dis-
tinguish between sleep and wakefulness and sig-
niﬁcantly affect retrospective judgments about sleep
initiation and duration.
The association among anxiety, depression, lower
sleep quality, and hypersensitivity has also been
observed in other clinical populations, such as those
with ﬁbromyalgia,63,64 learning disabilities,65 and
autism.16 The existence of a subtle unmodulated
arousability throughout the central nervous system
has also been hypothesized in these populations.
Importantly, the relationship between SPDs and
reduced sleep quality has also been reported among
healthy adults,11 in which evoked response potentials
studies demonstrated that gating deﬁcits and
impaired capacity to ﬁlter out external sensory infor-
mation before and during sleep were more prevalent
among poor sleepers than good sleepers.4,21,24
Negative functional outcomes have been reported
to be associated with both hypersensitivity and
reduced sleep quality. Shochat et al66 found that
hypersensitivity was associated with sleep dis-
turbances and contributed to the relationship
between sleep disturbances and hyperactive behav-
ior. Irritability, impulsivity, attention deﬁcits,
moodiness,13,67 and other behaviors resulting from
both hypersensitivity and reduced sleep quality may
signiﬁcantly impair daily life functions and the
individual’s ability to interact with others and social
communities, thus involving substantial health care
and occupational costs.68 Further supporting the
existence of a bidirectional association between
subjective sleep impairments, sensory proﬁles, and
affective symptoms, a reduced duration of sleep has
been reported to amplify the individual’s response to
stressful stimuli, and reactivity to sensory input69
and sleep deprivation may be identiﬁed as a rele-
vant precipitating factor for mania in patients with
mood disorders.70
Greater knowledge of all factors involved in the
occurrence of unmodulated arousability and related
negative outcomes in patients with major affective
disorders may help clinicians to create optimal inter-
vention programs and support the creation of social
and physical environments that will ﬁt patients’ sen-
sory needs in conjunction with the beneﬁts of other
available treatments (eg, pharmacological therapy).
On the basis of our recently published
studies,71–73 the inclusion of measures of sensory
processing patterns may shed new light on the
complex determinants involved in the pathophysio-
logy of major affective disorders.
Limitations
The results of this study need to be considered in light
of the following limitations. The relatively small sample
size, together with the mixed nature of the selected
sample (eg, both unipolar and bipolar subjects) may
limit the generalizability of the main ﬁndings. This
caveat, together with the cross-sectional nature of the
study, should be seriously considered when interpret-
ing the main results. Moreover, the exploratory nature
of the analyses suggests that these data need to be
considered as preliminary. In addition, the BDI-II total
score includes two sleep items that were not removed
before performing the statistical analyses, which could
have biased the results. Furthermore, we were not able
to analyze the confounding effect of the psychoactive
medications that were taken by our patients. Further
longitudinal studies using larger patient samples are
recommended to overcome these limitations.
CONCLUSIONS
Impaired sleep quality may be commonly observed
in individuals with major affective disorders and
may also be associated with sensory hyper-
sensitivity. The careful assessment of patients’
unique sensory proﬁles and their behavioral and
functional inﬂuence on quality of life may help
clinicians and health providers to develop targeted
treatment interventions to promote individual
adaptive strategies and functional behaviors.
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